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Outline

e Introduction and Motivation

e The “Dead-Cone” Exposure in QCD
e The Splitting Angular in D meson tagged Jets in A+A
e “Dead-Cone” of Jet Quenching in A+A

e Qutlook

2 2 A= 2k N AL . AT AZ 2k /,\Eg,
2022/08/09 TEAEFR rﬂﬂb%ﬁﬁ%&zﬁ%‘; R ARRKREREYS



Flavor and mass dependence in medium
induced Energy loss

Jets are known to lose energy when
going through the Quark-Gluon-Plasma

¢ Color-charge dependence

Inclusive jets Raa 4 3
& | ATLAS antik, R = 0.4 jets, {5y = 5.02 TeV h T3
(ATEAS A ROt Mz SO TEY -
T =
e Eﬁ:h_‘__li:#:i QCD suggest, gluons are more likely to
SN — — radiate than quarks
- :‘*:'
EliiIlI:EFEFEFd:Dm | * Mass dependence expected due to “dead-cone effect”
Y| = Large parton mass Small parton mass
ly| < 2.8 = o e
2015 data: Pb+Pb 0.49 nb™", pp 25 pb” Elﬁg - ggoj,'o Z T\ mE r
NERNA (7, ) and luminosity uncer. %‘69 :L7Q°/; - e =
40 60 100 200 300 200 900
p, [GeV]

Radiation is suppressed in 8 < m/E
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b-jets vs inclusive jets in Pb+Pb collisions

< LIRS BLALELE BLELELE BLELELE BN BLELELE BLELALEY NLELELE BLBLELEY BLALELE NUBLES < LI N B B BLALELE BLALELE BLALELE BLELELE BLELELE BLELELE BLRL
o 14 IS =502TeV 1 o 14 AILAS . EELIDO model bijets
C b . - Pb+Pb 2018, 1.4(1.7) nb D LIDO model light-jets ]
~ ) inclusive jois - - pp 2017,260pb’’ —Daietal bjets 3
1.2 J B 1.2 anti-k, R=0.2jets, |y | < 2.1 Al el e motse el —
= i N VSNN = 5.02 TeV,|Centrality 0-20% ]
1 — ~ 18 ~
0.8F - - 081 .
- ATLAS E - =
061 Pb+Pb 2018, 1.4(11 7) nb™ _ 7 0.6 -
B - @ LIDO model b-jets - =
- pp 2017, 260 pb [ LIDO model light-jets - .
0.4 anti-k, R=02jets, |y| <2.1 —Daietal b-jets - 0.4 .
- [Centrality 50-80% Dai et al. inclusive jets - - biets  [©] inclusive jets -
_I I 11 I 1 I | I -] I i i i I |- -] I -] I i i I 1 I a1 I i - _I l "] I L " I " A \ I M L 1 I 1 " " I i " \ I 2 " I L1 ' I 1 3 ' | L 1 s I 1 I_
80 100 120 140 160 180 200 220 240 260 280 80 100 120 140 160 180 200 220 240 260 280
p_ [GeV] p_ [GeV]

Nuclear modification factor, Raa, measured for b-jets and inclusive jets:

WD, Sa Wang, Shan-Liang Zhang, Ben-
* Similar suppression in peripheral collisions WeiZhang and Enke Wang CPC (2020)
« b-jet found to be less suppressed than inclusive jets in central collisions

* Both calculations capture the Raa difference
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Gluon radiation, with dead-cone v 9
Angle 6 = E (ﬂ oy )
ngie m/ - Er ;yg y »
bremsstrahlung radiation spectrum off . L ¢ R
a light quark in vacuum: In Medium:
2
ap, = Zstrdo dk"‘zi ANy _2a,P(0G o (L=t K2\
= in
e dxdk?dt  mk? 2t; ) \IZ + 2212
radiated gluon spectrum off a heavy
quark in vacuum: k. = wh B 92\ 4
s = 2 fQ/q_(He_g)
2 2 2\ 2 W =X
1P a;Cpdw  kidky ar 1+ 05
07 o (k+w208)2 O\ 62
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The pattern of the QCD
parton shower exhibits a
flavour dependence

Angular region with size my/E4 within which
emissions are supressed

s \

E Heavy-quark-initiated shower
pEl _/ -
gg 9999 ® — *“’-L» ﬂ Suppression of small angle emissio‘ns
@ Harder fragmentation
& - J
QQQO Light-quark-initiated shower
O =
M<* No small angle emission limit
Softer fragmentation
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Capturing the parton shower

How can we experimentally reconstruct
the initial hard scattering?

Jet algorithms identify and cluster hadrons

originating from a single scattered parton
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The charm quark flavour is conserved
throughout the shower

Following the branch with the charm hadron
is equivalent to following the charm quark

The kinematics of each c->cg splitting are
dynamically updated
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Reconstructed splitting kinematics

Lund plane
fraction of momentum

carried by the emitted gluon
]_n(kT) Each entry corresponds to one

splitting

. (>

In(kr) = — 1.6, kr = Agcp energy of the
—————————————— emitting charm

Region dominated by non-perturbative effects

0~ ki/zp,

transverse scale

\\] of the splitting

In(1/60) emission angle

/- N
The splitting phase spaced can be mapped through 2D distributions called Lund planes

large angles small angles

i »
- L

QCD phenomena such as the dead-cone effect and the running of the strong coupling
manifest in the Lund plane emission densities

- /
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Uncovering the QCD dead cone

Nature 605 (2022) 440-446

PYTHIA 8 q / inclusive zp -
Bl ALICE Data === no dead cone limit ) 07 lefze,
— PYTHIA 8 T
. ___ SHERPA q/inclusive g
SHERPA no dead cone limit :
0.37 0.22 0.14 0.08 6 (rad)
E\ 1 T L] 1 I 1 T 1 1 I 1 T 1 L] I 1 T 1 1
E [ 5 < Egagiaior < 10 GeV 1
1.5F -
The dead cone is uncovered through a direct
#---_---IIIIIII.IIIIIII . .
1 i 7.70 measurement of the emission angle
—— 1 |significance
0.5F o .
| . Small angle emissions supressed for charm
4 BN S IS BRI S quarks compared to light quarks and gluons
1 1.5 2 2.5
Smaller angles
R(6) 1 dnD Jets / 1 dninclusive jets Compare the angular distribution of charm-quark
~ NDVjets dIn(1/6) inclusive jets din(1/0) emissions to those of light quarks and gluons
kt, ERadiator
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Jet energy loss in QCD Medium

Collisional Energy Losses

e SHELL Model used X i & &
(Cross checked)
R
e Jet-medium interaction i R /Cj\

Radiative Energy Losses : Multiple Gluon Emission
* Reconstructed Jets Using

Jet-finding algorithms
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Direct observation of Dead-Cone inp+p (g8

— 25

¢ - I L} | L] L] I L] L] | I L] L] L] L] L] I L | L] L I | | | | I | L L L] L] L] L] L | I L] L] L] L] I L] L | L | L] I L] L] L]

o == D’ tagged jets pp Vs =13 TeV — D" tagged jets p+p Vs =13 TeV = D tagged jets p+p Vs =13 TeV
2 | — light initiated jets 5 < E gy < 10 G0V & m jight initiated jets 10 < Eppyu, <20 GeV - = light initiated jets 20 < gy, <35 GeV

Radiator

=& ALICE Data charged jets , antf—kT R=04 =% ALICE Datacharged jets , anr!-kT R=04

=% ALICE Data charged jets, anti-k_R =04

| 15 2 25 3 15 2 25 3 15 2 25 3
In(1/0) In(1/0) In(1/6)
anOjets 1 dninclusive jets
R(0) =

ND%jets din(1/8) /N""Cluswe Jjets  din(1/0)  krEradiator
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Inclusive-let el | N d °
1 D -C A+ T
T ead-Cone exposure in A+A N
_ ? 3 —r—rr I T T T T T T T T T T T T T T T — T T
g [ ==Pb+Pbinclusive jets === Pb+Pb D’ tagged jets T === Pb+Pb inclusive jets === Pb+Pb D° tagged jets T === Pb+Pb inclusive jets mm= Pb+Pb D’ tagged jets
E = — -
E— [ = = Pb+Pb light quark initiated jets 4 = =Pb+Pb light quark initiated jets = = Pb+Pb light quark initiated jets 4
p = —t— —
- Vs=502TeV Vs =502TeV Vs =5.02 TeV
— S<Ep o < 10 GeV 10 <E, joier < 20 GeV 20<E . <35GeV 1
1 -_ charged jets , antf—kT R=04 charged jets , anﬁ-kT R=04 charged jets , :smt."-k]r R=04 _-
- | I T T T | PR 1 L a3 2 . 1
-.?.- I .------;------ j l-------;------
D: i -------. S
05 D’ tagged / inclusive e D' tagged / inclusive e ' tagged / inclusive
= = |ight / inclusive = = |ight / inlclusive ] . = =|ight / inclusive
0 1 15 2 25 1 15 2 25 15 2 25 3
In(1/6) In(1/6) In(1/6)
2022/08/09 TENEFRSRAELSRE T ALAXARARRE -

FRAES



q /.

. The splitting structures in A+A : |

Heavy-let et i :i
oyt <

; o
Inclusive-let el Y

_"i g 3 T T r r T T 1 T T T r 1 T T T T T T T T T T T T T 1 T T T T | T L] L] T T bl v ol 1 . . . v 1 " = = 1
-EQG‘E— - = m=== p+p D’ tagged jets T ===== p+pD’tagged jets T ===== p+pD’taggedjets -
R = = - E -
3 | 4 4 4
£ | e Tot E-loss D" tagged jets J s Tot E-loss D° tagged jets ] e Tot E-loss D" tagged jets i
2 b —— —— —
- 1s=502TeV 4 Vs=502Tev 4 Vs=502TeV -
5 < Eﬁ’adﬁamr <10 GE‘V:; --mm - 10 < ERadﬂ'aror <20 GeV 20 < ERadr'afor |< 35 GeV :
charged jets , anﬁ-kT R=04 = charged jets , anﬁ-kr R=04 charged jets , antf—kT R=04 +
1 — —
©
©
e 1

== Collisional +Radiative=== Radiative Only - === Collisional +Radiative === Radiative Only == Collisional +Radiative === Radiative Only

Collisional Only Collisional Only

Collisional Only
2 » 1 [ [
1 15 2 25

K| 15 2 2.5 K| 1.5 2. 2..5 3
In(1/6) In(1/6) In(1/6)
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Inclusive-Jet

The splitting structures in A+A: Il '

#REL

Heavy-let . - : ¢ ﬁ .
E . 3 I | L] L] L] l I L] L] L] L] I L] L] L] | | I L] L] L] L] I L] | | L} L] I L] L] L] L] I L] L] | L] I
2 B . L . . L 1 . L 4
il = == == p+pinclusive jets === == p+pinclusive jets == === p+pinclusive jets
Tk [ i 1 ;
- " Pb+Pb inclusive jets - Pb+Pb inclusive jets -+ Pb+Pb inclusive jets o
= 5= _ _
- Vs =502TeV Vs =502 TeV Vs=502TeV A
i 5 < ERada'aror <10 Gev:- 10 < ERadf'aror <20 GeV 20 < ERadiafor <35 GeV :
- charged jets , anﬁ-kT R=04 - charged jets , anﬁ-kT R=04 charged jets antf-k:r R=04 -
1 = — - mmy —
.9 1 '] : ] : .
T :
05 I
| 1 175 2 2_.5 T 15 2 EXE B 1_.5 2 2_l5 3
In(1/6) In(1/6) In(1/6)
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Comparisonof < 0 >

Normalized To Number Of Jet Normalized To Number Of Splitting

e

. . . 0 - }
o Inclusive jets|D? jets Erutincon Inclusive jets| D" jets
<9>jet5 <9>‘]et8 <9>Sp1 NSP]. <9>Spl NSp].
3 L+, 10.227] 1.358 |0.277(1.233] pr
=10 CoV 0.31 0.34 | pp 510 CoV 0.227] 1.358 |0 Qf (|1 233 pp
0.36 0.36 [AA 0.256| 1.405 [0.280[1.280[AA
10 — 20 CeV 040 0-3:‘ PP 10— 90 Gev [0:220] 1.810 |0.244]1.510] pp
0.45 0.42 [AA 0.254| 1.757 [0.263|1.600[AA
90 — 35 CeV b 0:47 0.42 | pp oo 00,2321 2,040 [0.232[1.822] pp
0.49 047 |AA 20 =35 GeV ————————————————
0.249| 1.977 [0.251[1.860[AA
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Inclusive-let e m_,‘:'r“‘“r_ﬂ C I °
—_— onclusion
= 3 T T T LI R L B LA LA L L LR L R I ! !
34-% - === Pb+Pb inclusive jets === Ph+Pb D tagged jets T === Pb+Pb inclusive jets === Pp+Pb D’ tagged jets T === Pb+Pb inclusive jets === Ph+Pb D’ tagged jets]
%E : = = Pb+Pbh light quark initiated jets = = Ph+Pb light quark initiated jets = = Ph+Pb light quark initiated jets :
2 - -
i Vs=502TeV Vs =502TeV Vs =502TeV |
_______ 5<Ep jtor <10 GeV 10 <Eg i < 20 GeV 20 <Ep i <35GeV 1
" -_ charged jets , anﬁ-kT R=04 charged jets , anﬁ-kr R=04 charged jets , anr.-'-k}r R=04 _-
=z ¥ 5 Ty T T T s
Y - L - ST L TS T T T
05 -— D’ tagged / inclusive -- — D’ tagged / inclusive D’ tagged / inclusive -
E- =light / int.:Iusive . . = =|ight / inlclusive \ = =|ight / in.clusive ) )
1 15 2 25 ] 15 2 2.5 k] 15 2 25 3
In(1/6) In(1/8) In(1/6)
1. The Direct Observation of the in-medium Dead-Cone Effect still can be suggested.
2. Dead-cone effect will leading the survived splitting-angle of heavy flavor initiated splitting
distributed at a larger angle; however, the possibility of such emission will be suppressed.
3. The collisional energy loss mechanism will not compromise such observation.
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Thanks for your Attention!
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